Introduction {#Sec1}
============

At the end of Dec 2019, Wuhan, as a central part of China, had the first outbreak of coronavirus disease (COVID-19) \[[@CR1]\]. The disease then quickly spread to other parts of China. As an adjoining province, Henan had 206 confirmed cases on January 29, 2020, and 1272 confirmed cases on February 29 \[[@CR2]\]. COVID-19 is a public health emergency of international concern. On 2 May 2020, there were 3,272,202 confirmed cases of COVID-19 and 230,104 deaths \[[@CR3]\]. COVID-19 was classified as infectious disease class B; however, due to the high contagious risk, the prevention and control management level was designated level A \[[@CR4]\].

Under such a severe situation, little is known about the status regarding knowledge, attitude and practice (KAP) toward COVID-19 among residents from different regions and countries. The purpose of the study is to explore the level of knowledge, attitude and practice related to COVID-19 among the general population in China to provide a scientific basis for preventing and controlling this major epidemic in China and other parts of the world.

Methods {#Sec2}
=======

Study Design and Population {#Sec3}
---------------------------

This cross-sectional study was conducted from February 16 to 18 in Henan Province, China's most populous province, adjacent to the city of Wuhan. Convenience and snowball sampling were used. People aged 15 years or older with access to the computer and/or mobile phone were invited to participate in the study. The sample size was calculated as 5--10 times the number of questionnaire items, which was 360. Considering the possibility of 20% invalid questionnaires, we included 517 in the final sample.

Measurement Tool {#Sec4}
----------------

We designed an online questionnaire by referring to the health education manual of coronavirus disease published by the China Health Education Center \[[@CR5]\]. The online questionnaire was produced through the Wenjuanxin electronic platform ([www.wjx.cn](http://www.wjx.cn)). The questionnaire consisted of 2 sections with a total of 28 items. The first part was about the source of COVID-19 knowledge and demographic information, such as age, gender, educational level, marital status, occupation and area of residence (urban or rural). The second part was KAP with a total of 20 items. The knowledge dimension included 9 items, the attitude dimension covered 8 items, and the practice dimension covered 3 items. A correct answer was assigned 1 point, and an incorrect answer was given 0 points.

Data Collection {#Sec5}
---------------

Due to the epidemic and home quarantine, participants could not be reached face to face. We collected data by sharing the online questionnaire on several social networking platforms (e.g., WeChat, QQ). On the first page of the questionnaire, the research purpose and research procedure were provided.

Statistical Analysis {#Sec6}
--------------------

Both descriptive analysis and inferential analysis were used. Frequencies (N), percentages (%), mean value (M) and standard deviation (SD) were used to present demographic characteristics and address the results regarding the level and distribution of knowledge, attitude and practice toward COVID-19. The nonparametric test was used to explore the association between demographic characteristics variables and COVID-19 knowledge and practice scores. Multiple linear regression analysis was used to identify the factors associated with knowledge and practice of COVID-19. Binary logistic regression was used to identify influencing factors of COVID-19 attitude. All data were analyzed using SPSS 20.0, with P \< 0.05 considered statistically significant (two-sided).

Ethical Consideration {#Sec7}
---------------------

Permission to conduct the study was sought from the Wuhan University Medical School Ethics Committee. A statement of informed consent was provided on the first page of the questionnaire. Informed consent was obtained automatically once the adult survey participants understood the content and volunteered to fill in the online survey. For participants aged 15--18, the researchers would specifically contact the guardian of minors with WeChat or QQ to obtain their informed consent for their children's participation in the study. Once they agreed and the minors submitted the questionnaire, informed consent was obtained. Maximum efforts were used to protect participants' anonymity and confidentiality. All data were stored in a password-locked computer and only available to the research team. The data were de-identified, and only aggregate data were used for the presentation of the results.

Results {#Sec8}
=======

Descriptive Characteristic Results {#Sec9}
----------------------------------

A total of 564 questionnaires were distributed via the internet, and 517 questionnaires were returned with a response rate of 92%. The 517 participants were from 17 different cities in Henan Province, with 158 (31%) urban residents and 359 (69%) rural residents. In total, 278 (54%) men and 239 (46%) women finished the survey. The distribution of age, gender, region, occupation, education level and marital status are presented in Table [1](#Tab1){ref-type="table"}.Table 1Demographic characteristics of the participants (n = 517)Demographic characteristicsNumber of participants (%)Age (years) 15--2073 (14.12%) 21--30272 (52.61%) 31--405 (9.86%) 41--5083 (16.05%) 51--6038 (7.35%)Gender Female278 (53.77%) Male239 (46.23%)Area of residence Urban158 (30.56%) Rural359 (69.44%)Occupation Student188 (36.40%) Farmer94 (18.20%) Worker49 (9.50%) Teacher24 (4.64%) Health care worker33 (6.38%) Business/service personnel52 (10.06%) Professional and technical personnel19 (3.68%) Civil servants and related personnel5 (0.97%) Government official3 (0.58%) Production and transportation Equipment personnel2 (0.39%) Retiree2 (0.39%) Else47 (9.09%)Education level Primary school and below37 (7.16%) Middle school98 (18.96%) Senior high school/vocational school132 (25.53%) Junior college/bachelor's degree197 (38.10%) Master's degree and above53 (10.25%)Marital status Never married302 (58.41%) Married204 (39.46%) Divorced7 (1.35%) Widowed4 (0.77%)

The Correct Rate of COVID-19 Knowledge, Attitude and Practice {#Sec10}
-------------------------------------------------------------

The scores of knowledge and practice were 5.57 ± 1.53 and 2.04 ± 0.81, respectively, suggesting that the overall correct rates of knowledge and practice were 61.9% and 68.0%, respectively. Regarding knowledge, almost all participants (95.3%) stated that they knew how to properly wear disposable surgical masks/surgical masks. In terms of the causes, clinical symptoms, incubation period, transmission route, treatment of COVID-19, and proper diet, the correct rate was 23.4% \~ 84.3%. Among them, "The transmission route of COVID-19" had the lowest correct rate, followed by "Clinical symptoms". "How long is the incubation period of COVID-19" had the highest correct rate.

For attitude, all the respondents recognized the seriousness of the outbreak. Almost all (99.6%) of the residents believed that preventive measures, such as going outdoors less, washing hands frequently and wearing masks could prevent the infection of COVID-19. They claimed that the prevention and control measures taken by the government had raised their awareness of the disease. Almost all (99.6%) would choose to immediately report or cut off contact with people around them returning from Wuhan or its surrounding areas; 99.4% were concerned about the deterioration of the epidemic; 95.7% were worried that they themselves or family members would be infected; and 92.6% of the residents would actively acquire relevant knowledge. However, there was also a high percentage of participants (43.7%) who would not want to go to the fever clinic to check for suspected infection.

Regarding practice, 87.8% of the respondents bought N95 masks/disposable surgical masks/surgical masks, 45.1% washed their hands using a 7-step protocol, and 70.4% covered their nose and mouth with either paper tissues or elbows while coughing or sneezing (Table [2](#Tab2){ref-type="table"}).Table 2Knowledge, attitude and practice of COVID-19 among the participants (n = 517)ItemsCorrect answer rate/choose "yes" (%)Knowledge Name of COVID-1949.00 The cause of COVID-1949.10 How to properly wear a surgical mask/disposable surgical mask95.30 The incubation period of COVID-1984.30 Clinical symptoms of COVID-1941.90 Is there any specific drug to treat COVID-1974.60 The transmission route of COVID-1923.40 Masks that can be used to prevent COVID-1952.80 Proper diet42.10Attitude Actively acquire COVID-19-related knowledge92.60 Worried about infection95.70 Concerned about the deterioration of the outbreak99.40 Considered the outbreak to be very serious100.00 Knew that preventive measures, such as reducing going out and washing hands frequently, can prevent it99.60 Went to the hospital after suspecting infection66.30 Immediately report or cut off contact with people returning from Wuhan or its surrounding areas99.60Practice Purchased a medical surgical mask/disposable surgical mask87.60 Covered nose and mouth with tissues or arms while coughing or sneezing70.40 Washed hands using 7-step protocol45.10

The Influencing Factors of COVID-19 Knowledge, Attitude and Practice {#Sec11}
--------------------------------------------------------------------

The results of univariate analysis showed that COVID-19 knowledge was significantly different among different groups by age, gender, education level, and marital status (P \< 0.05). The COVID-19-related practices were significantly different among different areas (P \< 0.05).

The multiple linear regression analysis showed that respondents with the male gender (vs. female, β: − 0.305, P \< 0.05) and the marital status of married (vs. unmarried, β: − 0.421, P \< 0.05) presented lower knowledge scores. The occupation of health care workers (vs. farmers, β: 0.924, P \< 0.05) and higher education levels indicated higher knowledge (Table [3](#Tab3){ref-type="table"}).Table 3Multiple linear regression analysis of COVID-19 knowledge and related factorsVariablePartial regression coefficientsStandard errorStandardized regression coefficientT*P*Constant5.4020.139--38.8260.000Gender−  0.2730.125− 0.089− 2.1740.030\*Education level (Junior college/bachelor's degree vs. Primary school and below)0.7240.1480.2304.9010.000\*Education level (Master's degree and above vs. Primary school and below)1.2110.2240.2415.4060.000\*Marital status− 0.4210.141− 0.135− 2.9910.003**\***Occupation0.9040.2580.1453.5010.001\*\**P* \< 0.05; F = 4.725, P = 0.030, R^2^ = 0.188, adjusted R^2^ = 0.180; adjusted R^2^ indicated that the equation had a predicted accuracy of 18.0%

Logistic regression analysis found that the COVID-19 knowledge score (OR 0.571, P \< 0.05) was significantly associated with the residents' understanding that preventive measures, such as reducing going out and wearing a mask, can prevent COVID-19 infection; urban area (vs. rural, OR 0.586, P \< 0.05) was significantly related to the attitude of willingness to go to a fever clinic to check for suspected infection (Table [4](#Tab4){ref-type="table"}). Furthermore, multiple linear regression analysis showed that living in an urban area (vs. rural, β: 0.183, P \< 0.05) was significantly linked to higher practice scores (Table [5](#Tab5){ref-type="table"}).Table 4Factors significantly associated with attitudes toward COVID-19VariableOR*P*Preventive measures, such as reducing going out and washing hands frequently, can prevent it COVID-19 knowledge score0.5710.041\*Went to the hospital after suspecting infection Area (urban vs. rural)0.5860.018\*\**P* \< 0.05; Note. COVID-19 attitude as dependent variable (binary)Table 5COVID-19 practice and related factorsVariablePartial regression coefficientsStandard errorStandardized regression coefficientT*P*Constant1.9800.043--46.3490.000Area (urban vs. rural)0.1830.0770.1042.3760.018\*\**P* \< 0.05; F = 5.646, P = 0.018, R^2^ = 0.021, adjusted R^2^ = 0.017; adjusted R^2^ indicated that the equation had a predicted accuracy of 1.7%

The main ways Chinese residents knew about COVID-19 were social media (92.0%), TV (66.2%), and chatting with others (53.0%). Other channels included village radio and websites (5.8%).

Discussion {#Sec12}
==========

Current Knowledge, Attitude and Practice Among Chinese Residents {#Sec13}
----------------------------------------------------------------

The scores of knowledge and practice were 5.57 ± 1.53 and 2.04 ± 0.81, respectively, and the overall correct rates of knowledge and practice were 61.9% and 68.0%, respectively, suggesting that both the knowledge and practice levels of urban and rural residents in China were at the medium level. Roy et al. conducted a cross-sectional study in India and showed similar results \[[@CR6]\]. Zhong et al. conducted a survey in China showing that the overall correct rate of COVID-19 knowledge was 90%, which was much higher than that of our study \[[@CR7]\]. The difference might be due to the highly educated sample in Zhong's study. Our study suggested that both urban and rural residents had a lower awareness of the COVID-19 transmission route and clinical symptoms than that reported by Abdelhafiz et al. \[[@CR8]\]. China is the first country experiencing the outbreak of COVID-19, and at the beginning, Chinese residents had low experience and awareness about the disease. As an increasing number of countries experience the COVID-19 outbreak and with the efforts made by the WHO and local government, COVID-19-related knowledge is growing.

Our study found that all the respondents had recognized the seriousness of the disease and were concerned about the deterioration of the epidemic. The great majority of the residents believed that preventive measures could prevent the infection of COVID-19 and thought that people should immediately report or cut off contact with people around them returning from Wuhan or its surrounding areas. These results regarding COVID-19 attitude were similar to those found in a previous study conducted in China \[[@CR7]\]. Our study found that a great percentage of people (43.7%) would not go to the fever clinic if they had been to Wuhan and had suspected infection. This might be due to a number of reasons, such as contagious disease stigma, fear of social isolation and hospital infection.

In addition, 92.6% of the residents mentioned that they would actively acquire relevant knowledge. Our findings showed that social media platforms represented the most important source of information (92.0%), followed by TV (66.2%). This was consistent with the studies conducted by Abdelhafiz and Ranjan \[[@CR8], [@CR9]\]. This suggested that social media platforms and TV play important roles in spreading knowledge. Therefore, attention should be paid to strengthening public awareness and health education through multiple channels, especially social media platforms and TV.

As shown in this investigation, after the outbreak, 29.6% of the respondents did not cover their nose and mouth when they coughed or sneezed, only 45.1% washed their hands correctly, and 12.4% of the residents did not wear masks because they had no access to masks. A previous study found that nearly one-fourth of the Bangladeshi residents did not wear masks, and nearly two-thirds of the people sneezed without using their elbows in this pandemic. These dangerous practices were related to low education, marital status, and risk-taking among men and late adolescents \[[@CR10]\]. Clearly, the self-protection consciousness of residents still needs to be strengthened, and the protective measures taken by residents still need to be corrected. Studies have shown that health education interventions can improve the knowledge of infectious diseases and compliance with healthy living habits among urban and rural residents \[[@CR11]\].

The Factors Influencing COVID-19 Knowledge, Attitude and Practice {#Sec14}
-----------------------------------------------------------------

According to our results, age, gender, education, and marital status were influencing factors of COVID-19 knowledge. Unmarried residents had a higher level of knowledge than married residents, which was different from the study conducted in the US \[[@CR12]\]. This might be because in our study, 97.5% of the unmarried residents had a high school diploma or above. In addition, the education level, female sex, and occupation of health care workers had the most significant influences on the knowledge score. The higher the education level was, the higher the knowledge level of COVID-19, which was consistent the finding of a previous study \[[@CR8]\]. The knowledge level of medical personnel was higher than that of other professions, and these findings were similar to those of other studies \[[@CR13]\]. Therefore, attention should be paid to the health education of the general public, especially those with low educational backgrounds \[[@CR8]\]. Women's knowledge level was higher than men's, which was similar to the survey reported by Haque et al. \[[@CR10]\]. This may be because 57.2% of the women in the survey had a bachelor's degree or above. A previous study also showed that women had a higher literacy level of prevention and control of infectious diseases than men, and men were more likely to engage in risky behavior \[[@CR10], [@CR14]\].

Our survey results showed that urban and rural residents had a positive attitude toward COVID-19. It should be noted that the COVID-19 knowledge score was associated with the optimistic attitude to take protective measures, and people living in urban areas were more likely to seek medical advice than people in rural areas if they suspected infection. This precisely illustrated the significance of improving COVID-19 knowledge and awareness of the epidemic among residents, especially people living in rural areas \[[@CR15], [@CR16]\].

Multiple linear regression analysis demonstrated that urban residents have better preventive practices, which may be associated with the fact that urban residents have a high level of health literacy and are exposed to a high degree of health publicity \[[@CR17]\]. Rural residents usually have a low level of education, health services are lagging behind, and health publicity is rarely carried out, so it is necessary to improve the prevention and control efforts of rural areas \[[@CR8]\].

Conclusion {#Sec15}
==========

Above all, the attitude of urban and rural residents is positive, but the health knowledge level and personal protective behavior need to be improved and strengthened. It is suggested to continue to strengthen the propaganda of relevant knowledge and protective measures through social media, TV and other channels to promote health education, as well as establish intervention programs targeting the unhealthy behaviors of urban and rural residents.

The Study Limitations {#Sec16}
---------------------

There were some limitations in this study. All participants came from Henan Province, and most were school students. The sample size was relatively small, the proportion of each age group was uneven, and there was a lack of information about the elderly. We excluded the residents who were unable to participate in the online survey.
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